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. Since the late 1950s, 64 and its fenced-in yard were utilized by 

predecessor f m s  in support of a number of the U.S. Government's nuclear 

programs. In the early 1960s, a contamination incident involving radioactive mixed fission 

products from a reactor fuel-element shipping cask occurred in an area near the eastern portion 

of the fenced-in yard. The area was cleaned up in 1963. A general gamma survey in 1988 

indicated contamination within the eastern fence line and in an adjacent area outside the fence. 

That area was cleaned up in 1989 by removing affected top soil, and it was concluded from the 

results of a subsequent 1989 survey that the remediated area is suitable for release for 
unrestricted use. The present work was performed to assess the entire fenced-in yard area for 

unrestricted release. 

RMED. The 6580 ft2 area comprising the fenced-in yard was gridded and 

surveyed for residual alpha-, beta-, and gamma-emitting radionuclides. Top-layer materials 

(asphalt and soil) were collected from randomly selected locations for analysis to identify and 

quantify specific radionuclides. The survey data and soil data have been analyzed and compared 

with acceptance limits and with previous survey data from the same location. 

ATUS. The fenced-in yard continues to unoccupied and unused for ological or other 

proper has undergone re ation and final survey. 

. Results of the present assessment s ey indicate that the fenc 

suitable for release for unres 



for future release for unrestricted use. 

The DBrD program is king performed under an established environmental restoration plan.(1) 

Included in this plan are surveys to assess the radiological conditions of the affected facilities and 

work areas. One such facility, designated Building TO64 and including its surrounding yards, 

is undergoing environmental restoration and related radiological assessments. This facility was 

used previously to receive and temporarily store Source and Special Nuclear Materials, and more 

recently to store low-level radioactive waste waiting shipment for offsite disposal. 

This report presents the findings from a radiological survey performed in the fenced-in portion 

of the yard immediately surrounding Building T064. The survey included performance of a 

variety of radioactivity measurements on the 6580 f? area comprising the fenced-in yard, 

interpretation of the data, and data comparison against established acceptance limits and other 

data obtained from previous  survey^.(^?^) The present report covers the in-situ alpha, beta, and 

gamma activity measurements, plus the laboratory analyses of soil and asphalt samples extracted 

from the site. 

is report is organi as follows: Secrion 2 summarizes the background on the 1 

operating history, and previous surveys of the fenced-in yard; details may be found in 

References 2 and 3. Section 3 d e s k  s the procedures used for the survey and 

Section 4 discusses the results, and Section 5 presents the conclusions of the s 

A includes tabulated data from the surveys, and Appendix 

resulting from this survey and maintained in the 



Hills of southeasem 

n as the "Source and 

nced in with a chain-link 

ock surfaces, all inside the fence and entirely surrounding the building 

proper. 

The formal reference to the location of Building TO64 and the fenced-in yard, based on 

topographic maps of the U. S. Geological Survey (USGS), is Township T2N, Range R17W, 
Section 30, Calabasas Quadrangle. Figure 2 shows relevant portions of a 1967 edition of the 

USGS topographic map of the Calabasas Quadrangle where SSFL is located. A callout of the 

building location has been added. 

Access to the fenced-in yard and the building is through two gates, one in the northeast corner, 

and the other in the southeast comer. These gates are also indicated in Figure 1. 

Additional descriptions of the uilding, its sunroundings, and topography, inclu 

photographs and drawings, are provided in Refs. 2 and 3. 

64 has been operated by Rockwell International and its predecessor companies since 

1958 in support of the U.S. Department of Energy (DOE) and its predecessor agencies9 nuclear 

programs. It was used actively through the mid-1970s for the storage of pac 

Source Material (normal uranium, deple uranium, and thorium) and Special 

(enriched uranium, plutonium, and ~ -233) . (~ )  The plutonium was temporarily 

containers prior to its shipment to its final stination. Since nuclear material was only sto 

there, there was ipment within the buil 

projects have en most of the material was sent to other DOE sites 
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. USGS Topographic Map of Portions of the Calabasas Quadrangle, with the SSFL in 



on occasion for st 

ing casks and s 

During the early 1960s a special lead-pig cask containing irradiated "Seawolf" fuel pins was 

stored in the east side of the fenced-in yard. The irradiated fuel pins had probably 

transferred to the cask in a fuel storage pool at the site of their origin. Before shipping to the 

SSFL, the drain plug at the bottom of the cask should have been removed to drain the radioactive 

water, but was not. The shipping cask was stored in the fenced-in yard while still containing 

water. The drain plug eventually rusted out, and water leaked out to the yard surface. This 

water contained mixed fission products which contaminated the area. Following the identification 

of this leak in February 1963:~) a large area (about 700 ft2) of top soil was removed and 

transferred to the RMDF (Radioactive Materials Disposal Facility) for disposal. Radiation levels 

were then measured to range between 0.04 mrad/h (background) and 0.5 mad& which was 
considered acceptable for the soil at that time. The yard was subsequently back-filled and 

repaved for continued use. 

Additional details documenting this operating history are provided in Refs. 2 and 3. 

ECE 

A broad radiological survey plan was established in 1985 for all areas at the SSFL that were 

involved in operations with radioactive materials.(5) Building TO64 and a surrounding 2-acre area 
were included in the survey plan, and a gamma activity survey was performed in 1988. 

The results of the 1988 survey were used to identify a con ated area of approximately 

f?, bordering and outside of the Building TO64 eastern fence, as shown in Fi 

exposure rates were measured to be higher than background in this area, and soil analysis for 

radionuclides showed 1 3 7 ~ ~  concenfrations higher than normal. Details are 

This broad-area survey di any radiological con 

yard. 
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the top layer material was remov 

locations f'rorn 

report.(3) 

ased on results from both of these surveys, d favorable comparisons with acceptanc 
established by DOE Orders, guides, and other regulatory agencies, the 1990 report conclu 

the area identified as the Side Yard was suitable for release for unrestricted use. 

2. THE 1992 ASSESS 

The 1992 survey of the entire fenced-in yard, documented in this report, was performed as a 

more detailed and updated radiological assessment of that area. No radiologically significant 

activities have occurred in the assessed area to suspect any re-contamination since the previous 

surveys. Therefore, no new remedial actions were undertaken nor were new findings of 
significance anticipated. However, the building proper is undergoing remediation, including the 

removal between the 1988 and 1992 surveys of stored boxes of contaminated soil fn>m several 

S S K  remediation operations. Some slightly contaminated building components were removed 

from the building interior following the 1992 survey, but they provided no opportunity for yard 

contamination because they were first packaged inside the building. All of these items were 

identified as part of the 1988 survey. 

During the present assessment survey, new grid locations were established in the fenced-in yard. 

easurements were made on these grid surfaces for fixed alpha and beta radioactivity, and for 

gamma exposure rates at 1-m elevations from the les (or soil, as 

applicable) were collected from selected grid locations for analysis of radioactivity concen 

in obtaining the were similar to tho 

zed in Section 3. 



Side Yard Decontamination and Survey Grid Locations 



A 3-m x 3-m grid pattern was established within the s ey area, as shown in Fi 

easurements were made within the grid blocks to obtain alpha, ta, and gamma activ 

Asphalt and soil samples were subsequently collected from selected grid block locations for 

laboratory analyses of radioactivity. The grids covered mostly the asphaltic pavement, but also 

included concrete loading docks and a ramp, and soil surfaces from which the original asphalt 

had been removed by previous remediation activities, weathering, and erosion. 

VEY PROCED 

3.2.1 Alpha and Beta Activity Measurements 

Average alpha and beta surface activities were measured in a 1-m2 area within each of the 9-m2 

grid blocks shown in Figure 5. As specified in DOE regulations,(') this 1-m2 area is the 

maximum area over which average measurements are to be made. The location of the 1-m2 area 

within each grid block was left to the surveyor's judgment: it was to be selected as the area 

within the block most likely to have residual contamination. Such a selection procedure was 

expected to produce survey results biased toward the high end of the activity distribution over 

the survey area. 

In order to facilitate the survey, the alpha and unted on separate le 

carts with the detector probe faces adjacent to the ground. Each selected square-meter survey 

area was scanned for alpha and beta activity, by moving each c er the area for five minutes 

and survey pattern. These scans prov erage 5-minute alpha 

beta activity measurements over the 1-m2 tector, detector pro 

of counts were recorded by location for each scan. 



ROOM 1 14 ROOM 1 

Notes: Grids are 3 m x 3 m 
Drawing not scaled 
Some grids partial due to 

interference from fence 
or erosion 

Shaded areas represent ramps 

S = soil sample grid location, A = asphalt sample grid location 



A gamma exposure rate measurement was made 1 m from the surface in each of the 9-m2 grid 

blocks shown in Figure 5. The particular location within the grid was chosen randomly. A 

tripod was used to support the gamma pro at the 1-m height. A 1-minute count was made at 

each location. 

3.2.3 Surface Samples for aboratory Analysis 

Previous radiological survey procedures required that the surveyor obtain soil samples only if a 

gamma exposure rate measurement indicated radioactive contamination. Under such conditions, 

samples would be collected from that spot for analyses of gross alpha and beta activities using 
a 2-g sample, and for gamma spectrometry with a 450-ml sample. During the present survey, 

no such spots were indicated. However, for added conservatism, surface samples were collected 

for gamma spectrometry. 

Samples of surface materials, collected to a depth of weighing about 2 lb. each, 

were taken from 14 locations, as indicated in Figure 5. Most of the area is paved with asphalt, 

and 7 of these samples consisted of asphalt, 5 of soil, and two of a rock/soil mixture. Sample 

locations were identified and marked on the sampl amples were crushed to smaller 

pieces as necessary and transferred to 450-ml rs for counting by gamma 

. The samples were and thus were not subjected to the 

required before spectrometry measurements. 

general, the ins is survey were 

s and other SSFZ facilitie 

are described in detail in previous survey reports (e.g., Ref. 2), 



and the daily average of the background response measurements was subtracted from the field 

measurements to obtain net alpha counts at the grid points. 

The beta measurements were made using a Ludlum Model 44-9 beta probe attached to a Ludlum 

Model 2221-ESG portable scaler. The probe is a thin-window pancake Geiger-Miiller tube. This 

detector is sensitive to both alpha and beta particles and is slightly sensitive to x rays and gamma 

rays, but is generally called a "beta detector" because it is used predominantly to measure beta 
activities. The detector was calibrated against a "Tc beta source. The energy of the 9 9 ~ c  beta 

particles (maximum 0.3 MeV) is close to those emitted by uranium daughter products. Use of 

this source for calibration will cause a slight overestimate of old mixed fission product activity. 

The measurements were made over the same areas used for the alpha surface activity 

measurements. bration checks and background measurements were obtain 

surveys in the same manner as for the alpha surveys. 

measurements were made using a " x 1" NaI(Tl) scin 

crystal coupled to a photomultiplier tube, with pulse counting by a Ludlum Model 2220-ESG 

s detector assembly was moun such that the NaI('Tl 

volume was 1 meter from the yard s tector is sensitive to nearly 

). The average "statistically significant activi 
Section 3.4.1 and discussed in Section 4.3) measured for th 

, which is weU 
3.4.2). 



Each 450-rnl soil sample was placed in a Marinelli beaker and counted on a Canberra Industries, 

Inc. Series 80 ultichannel Analyzer (MCA). The MCA is an energy-sensitive spectrometer 

whose results can be used to determine the presence and quantities of specific radionuclides, 

including (but not limited to) 2 3 8 ~ ,  2 3 5 ~ ,  232~h,  '?K and the characteristic fission and activation 

products " 7 ~ s ,  "CO, and 152~u.  The spectrometer is calibrated routinely for both energy 

definition and counting efficiency. This calibration was performed using a Marinelli Beaker 

Standard Source and procedures described in the Canberra Operator's Manual, and encompassed 

a wide energy range. 

A detailed description of the MCA is given in Appendix A of Ref. 2, and the calibration 

procedures are documented in Ref. 8. 

ocedures used for the reduction of raw data obtained from the survey are essentially the same 

in previous surveys. low for completeness. 

e detector data obtain from the alpha nation surveys are 

counts recorded over a 5-minute period at each location. Each total count was c 

total count rate (counts per minute or cpm), by dividing it by the counting time for each 

measurement. The net (background-comted) cpm was then obtain 

und cpm derived fro sponding background rneas 

rn was converted to disintegrations tiplying it by an efficiency factor 



e raw data for the 1-minute g a survey measurements were recorded as ambient gamma 

exposure counts. ese total counts were converted to total exposure rates in using the 
calibration-derived relationship 215 cpm = 1 y . The net (background-subtracted) g 
exposure rates were then obtained by subtracting a 15.3-yR/h background from the ambient 

values. This 15.3-pR/h background value was previously established as a best estimate for the 

SSFZ, as documented in Ref. 2. Separate calculations were also performed to derive net gamma 

exposure rates using the background measurements performed in conjunction with the survey. 

In that case a net exposure count rate was determined for each location by subtracting the 

average background count rate for the day of the measurement from the total count rate. This 

net count rate was then converted to a net exposure rate by dividing by 215. 

Specific concentrations of radionuclides in the asphaltlsoil samples were converted from MCA 

counts to pCVg following procedures outlined in Ref. 2. 

e of the statistical tests employed to determine whether activity measurements indicate the 

presence of contamination or are part of the natural b ound distribution is a detection limit 

test known as "statistically significant activity" (SS A) s the net (background- 

sub ) activity with the SSA limit, which is defined m 

Here oB is the stand deviation of the ackground count, T is the count 

the factor 1.645 is the normal deviate corresponding to the one-sided 95% confidence level. The 

parameter SSA is then expressed in cpm units. A conservative (lower-limit) estimate of the SSA 

from a single background measurement by approximating oB wi 



The data in each measurement category (alpha, beta, gamma, and soil radioactivity) were 

examined separately to determine whether any of the measured values exceeded regulatory 

acceptance limits. These limits, as adopted for this work, are summarized in Table 1 and 

discussed individually below. 

Table 1. Regulatory Acceptance Limits Adopted for this Work 

Total average alpha activity 

Total average beta activity 

a exposure rate 
1 m from surface) 

Acceptance Li 

d l 0 0  cm2 above background 

3.2 pCig each for 1 3 7 ~ s  and 
(for residential use, including dri 
water from wells) 

limits are taken from 

idual surface co 



Generic limits onuclide concentrations in soil, 

to set limits on a site- an nuclide-specific 

present work using the computer code RE 

in some detail in that For 

the present case, a residential land use scenario was assumed, with a radionuclide con 

area defined as the area of the fenced-in yard plus Building T064, and extending to a depth of 

1 meter. The assumption of an infinite contamination depth produced no change in the results. 
The analysis was used to calculate allowed 13'cs and 9 0 ~ r  single-radionuclide concentration 

limits for which the annual effective dose equivalent received by a plausible future user of the 

site would not exceed 10 mrem. The 10 mrem/y limit was adopted as an achievable goal and 

is lower than the DOE guideline of 100 mrem/y.(lo) 

The soil guideline is not a spot limit, but provides guidance for cleanup and serves as a basis for 

calculating the allowable maximum ("hot spot") contamination. The allowable hot spot 

contamination, in areas smaller than 25 m2, is calculated as ~ A * G ,  where A  is the hot spot 

area in m2 and G  is the guideline value. guideline should not exc 

The results of the D analysis gave single-radionuclide ts of 3.24 pCi/g for l3 

Ci/g for W ~ r .  If it is assumed that ual concentrations of these 

present, the concentration limit for each radionuclide is 3.2 pCi/g in order 

opted for the present work. 

Cumulative probability plots were generated and a test statistic (TS) was obtai 

with the above accep ce limit for each radiological 

tween the data distributio 



low 100% of the applicable 

ds to a cumulative probability 

is value is indicated on the 

normal distribution (solid) line on the plot must pass below the intersection of the test statistic 

probability line and a horizontal line representing the acceptance limit for the measurements. 

Results from this survey are presented and discussed in the next section. Detailed data generated 

using spreadsheet calculations are included in Appendix A. A list of survey records is included 

in Appendix B. 



alpha activities were measured in 101 grid locations, averaged over a 1-m2 surface area at 

each location. ased on these measurements, the average measured activity was determin 

f 12.0 dpd100 cm2 a ve the 30.3 f 12.3 d p d l  cm2 background, with a maximum 

of 51 dpm/lOO em2. These values are negligible in comparison with the 5 

acceptance limit. 

Comparisons between the individual background-subtracted activity measurements and the daily 

SSA values, calculated conservatively as the square root of the daily average of the background 

measurements, indicate that 7 of the 101 measurements are above the SSA limit (Appendix A). 

Three of those measurements are above the 28.6 dpdl00 cm2 average SSA calculated from the 

standard deviation of the full set of 5-minute background counts. The average SSA is 

siWcantly higher than the daily values, as it accounts for several other measurement variability 

factors (instrument drift, etc.) besides 6 counting statistics. Even this average SSA may be 

conservative, as the alpha and beta background counts were made at a single outdoor location. 

The SSA limits and all of the alpha activity measurements are two orders of magnitude below 

the acceptance limit, and one can conclude that the alpha detector is appropriate for these 

measurements and that the fenced-in yard is acceptably clean of alpha activity. 

A cumulative probability plot for the total background-co alpha activity data is shown in 

6, where the vertical scale was chosen to include dpm/lOO cm2 acceptan 

1 of the data and the test statistic corresponding to their distribution (TS = 21.0 d p d l  

are shown graphic y to have negligible values relative to 

ta with an expanded vedcal (activity) 

five of the highest six 



. Summary of ata from the Building TO64 Fenced- 

easurernent (Units) 

Total Average 
Alpha Activi t 1 (dpm1100 cm ) 

Total Average 
Beta Activity 
(dpm/100 cm2) 

Gamma Exposure Rate 
above Background (pIVh) 
@ 1 m Above Surface 

(1) for 15.3- 
average SSFL 
background 

(2) for daily 
background 
mea~urements(~) 

Soil Radionuclide 
Concentration (pCi/g) 

@K 
137 

235 

Standard 
Average Deviation inimum aximum 

(a) See Appendix A for individual measurements and conesponding survey locations 
(b) See background discussion in text (Section 4.3) 
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Cumulative Probability (%) 

. Cumulative Probability Plot o Total Background-Corrected Alpha Activity 
enced-In Yard, with the Acceptance Limit as Maximum Ordinate 



activities were measured in 112 locations. ey were also averaged over a 1- 2 

a at each location, where the 1-m2 area was generally the same as that u 

alpha measurements. The average background-subtracted beta activity was found to be 239 f 

328 dprn/100 cm2, with a maximum of 1209 dpm/cm2. All values were well below the 5 
dpm/cm2 acceptance limit, indicating that the fenced-in yard is acceptably clean of beta activity. 

Comparisons were also made between the individual background-subtracted beta activity 

measurements and the daily SSA values, the latter calculated as the square root of the daily 

average of the background measurements. The results indicate that 41 (37%) of the 112 

measurements are above this conservative SSA limit (Appendix A), although significantly below 

the acceptance limit. A separate analysis of the background measurements taken during the 

survey (at a single location) gave an average background that is equivalent to a beta activity of 

3336 f 362 dpm/l cm2, and an average SSA of 842 d p d l  e background). Only 

four values exceed this SSA is average SSA is also well below the acceptance limit, 

e acceptability o ctor for these measurements. 
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The 15.3-pR/h background used for these calculations was based on an average of previous 
measurements made at three different SSFL ~ocations.(~~'~) Such background measurements have 

shown a wide variation in exposure rate, depending upon location. For example, 

noted during his 1988 survey that the background values measured in the Building 309 Area had 

a range of 3.4 pR/h, which approaches the adopted NRC limit of 5 pR/h. Because of this 

observed variability, the Building TO64 Side Yard survey(3) established a background based on 

data from a portion of the surrounding Zacre area that most closely matched the survey area 

physically and topographically. That background value (15.5 f 0.8 pR/h) is consistent with the 

15.3-pR/h value used here. 

The present survey included three-times-daily background gamma measurements that were 

performed as instrument checks. Those measurements were all performed at a single location 

outside of, but in the vicinity of, the fenced-in yard that was known to be fkee of contamination. 

The analysis of those measurements gave an average background value of 12.8 f 0.7 pR/h and 

an average SSA value of 1.7 pR/h. This background value is significantly lower than (but within 

the variation of) the established area average, which may due to the use of a single, lower- 

activity counting location. SSA comparisons based on these lower-background measurements 

indicated that 80 (71%) of the activity measurements exceeded the daily SSA values and 37 

(33%) exceeded the average SSA. One conclusion that could made based on the average SS A 

is that the gamma detector performance is acceptable for this survey. An average net g 

exposure rate was also calculated using these background 

background readings from the individual survey 

rates. This yielded an average net exposure rate of 1.17 f individual net 

rates are shown as a cumulative 

exposure rates 







tween the other gamma activi ments and previous site s 

meas~ements(~) show that the present data are consistent with previous results. 

4. RESIDUAL RADIOACT 

The fourteen soil and asphalt samples were analyzed for 18 specific radionuclides by gamma 

spectrometry. The net activity measurements for those radionuclides were consistent with natural 

background activities with the exception of a few slightly elevated 1 3 7 ~ s  activities. The average 

measured 1 3 7 ~ s  activity was 0.41 f 0.83 pCi/g, and all values were below the adopted 3.2 pCi/g 

acceptance limit. 

The radiological activity measurements for the three radionuclides %, 137~s ,  and 2 3 5 ~  are 
summarized in Appendix A and plotted in Figure 12. was the only significant activity 

measured (19.3 f 2.2 pCi/g), and that activity is due to natural potassium in the soil. Figure 13 

replots the 1 3 7 ~ s  and 2 3 5 ~  results with an expanded activity scale and provides a comparison 

with the 1 3 7 ~ s  acceptance criterion. is figure shows hically that the soil activity 

concentration criterion is met for all 1 3 7 ~ s  measurements. 

Cumulative probability plots for the 137~s ,  2 3 5 ~  data are shown in Figures 14, 15, and 

16, respectively. These plots indicate that the 

generally follow normal probability distributions, as ex 

7 ~ s  probability disaibution flags a 

values and the test statistic calc 

ce criterion. 















e residual radioactivity. 

e resulting analysis data were compared with acceptance limits for facility release and with 

previous data where possible. The specific and general conclusions from this work follow. 

1. The average value for the 101 1-m2-averaged, background-subtracted alpha surface 

activity measurements in the fenced-in yard is 3.4 f 12.0 dpm/lOO cm2, the maximum 

measured area-averaged value is 51 dpmllOO cm2, and the test statistic for the 

distribution is 21.0 dpm/100 cm2. All values are well below the acceptance limit of 

5000 dpm/100 cm2. 

2. The average value for the 112 1-m2-averaged, background-subtracted beta surface 

activity measurements in the fenced-in yard is 239 f 328 dpm/cm2, the maximum 

measured area-averaged value is 1209 dpm/lW cm2, and the test statistic for the 

distribution is 717 dpm/100 cm2. All values are well below the acceptance limit of 

dprn/100 cm2. 

3. e average measured value for the background-sub gamma exposure rate is 

- 1.1 1 f 1.1 1 pR/h, based on an assumed background rate of 15.3 pR/h for the SSFL 

facility. The maximum measured gamma exposure rate (3.47 pR/h) and the test s 

exposure rate distribution (0.50 pR/h) are both below the 5-pR/h 

acceptwe limit for facility release. Reanalyzing the data using the lower back 

rates obtained from daily instrument checks at a single location raises 

background-subtracted exposure rates, but those values 

limit. 



-in yard remains acceptably clean of radioactive con 

for release for unrestricted use. 
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2. ginal radiation survey report forms (Form 732-A, Rev 1-91) used to reco 

in yard alpha, a survey counting measurements. 

3. Radiation tection and Health Physics Services Daily Instrument 

that record the daily instrument checks and background measurements performed during 

the survey periods. 

4. Copies of the Building 064 Operations Log pages that document personnel activities 

during the February 1992 survey measurement period. 

5. Microsoft EXCEL spreadsheets that tabulate the survey data and perform the analyses 

converting the measurements to activity and exposure rate units. 

6.  Data records documenting the soil and asphalt radionuclide concentration measurements. 

7. D. W. Kneff, R. J. Tuttle, and G. Subbaramaii, "Radiological Assessment of the Building 

tmational, Rocketdyne Division Supp 

1993). (This final survey report.) 


